Pure yttrium oxide (Y 2 O 3 ) was prepared by solution combustion technique using disodium ethylene diamine tetra acetic acid (EDTA-Na 2 ) as fuel at~350°C. Powder X-ray diffraction (PXRD) pattern of Y 2 O 3 revealed cubic crystalline structure with crystallite size in the range of 18-23 nm. The scanning electron microscopy (SEM) indicated the foamy and fluffy nature of the sample. Fourier transformed infrared spectroscopy (FTIR) revealed four prominent absorption with peaks at 3395, 1433, 875 and 566 cm − 1 . From the optical absorption studies the energy gap of the synthesized sample was found to be 5.72 eV. Two well resolved thermoluminescence (TL) glows with peaks at 475 and 626 K were observed in γ-irradiated Y 2 O 3 . The glow curves were analyzed and the average activation energy was found to be 0.505 and 0.977 eV respectively.
Introduction
Different techniques are applied to prepare nanocrystals. They include solid state reaction [1] , wet chemical methods such as chemical vapor deposition [2] , combustion [3, 4] , sol-gel [5] , aerosol pyrolysis [6] etc. The solid state reaction method has several shortcomings such as prolonged reaction time, larger size grain growth and poor homogeneity. However, the salient features of wet chemical methods are that the starting materials can be mixed at molecular level and the temperature of formation of the final products is as low as that of conventional solidstate reactions techniques. Among wet chemical methods, 'solution combustion synthesis' has several advantages. It requires simple apparatus and the materials used are more economical [7, 8] . It requires low energy, short time and this technique may also be employed to produce homogeneous, high-purity, crystalline oxides. The nature of crystallinity, surface area and agglomeration of the synthesized products are primarily governed by flame temperature during combustion which itself dependents on the nature of the fuel and the fuel-tooxidizer ratio [9] . It is known that, a good fuel should react nonviolently without producing toxic gasses and act as a complexing agent for metal ions [10] . EDTA-Na 2 is one such compound which serves as a fuel during the combustion reaction and gets oxidized by nitrate ions and this is used as a new technology for material synthesis [11] . This EDTA has several remarkable advantages in comparison with other fuels and it has the greater ability to chelate metal cations and forming very stable and soluble complexes. In this technique, the starting materials are mixed at the molecular or the atomic level in a solution and it is easy to control the composition and a high degree of homogeneity is obtained. It is an exothermic reaction and occurs with the evolution of heat and light. When the mixture of fuel and oxidizer is ignited, combustion takes place at high temperature and leads to growth of materials with nano crystalline form. Metal nitrates and hydrazine based compounds are used as oxidizer and fuels respectively to synthesize metal oxides [12] .
Oxide phosphors are found to be suitable for field emission display (FED), vacuum fluorescent display (VFD), plasma panel display (PDP) and electroluminescence (EL) devices. Luminescence efficiency is found to increase as the size of the phosphor particle is decreased and the preparation of phosphor powders becomes very important in technological application [13] . When thermoluminescent material is exposed to γ-radiation, it absorbs and stores energy in the form of defects. A part of the stored energy is released in the form of visible light when the two types of defect centers are recombined upon warming the material.
Metal oxide matrix is proved to be an excellent host material for lasing action. The Y 2 O 3 possesses high refractory properties, a high melting point (~2450°C) and a high thermal conductivity (33 Wm
). It is a suitable material for photonic waveguide due to its high band gap (5.72 eV), with a very high refractive index (~2) and a wide transmission range (280-8000 nm) [14] . Numerous techniques are applied on the synthesis of rare earth doped nanocrystalline Y 2 O 3 [15] [16] [17] [18] .
In the present work, Y 2 O 3 nanopowder was synthesized by solution combustion technique in which EDTA-Na 2 was used as the chelatingfuel. Further, the TL behavior of the γ-irradiated Y 2 O 3 has been studied and the enhancement in TL intensity with γ-ray dose was found. In addition the material was found to be a potential candidate in TL dosimetry.
Experimental
The stoichiometry of the redox mixture used for combustion process was calculated using the total oxidizing and reducing valencies of the ingredients which serve as numerical co-efficients for the stoichiometric balance. The equivalence ratio, i.e. the ratio of the oxidizing valency to reducing valency was maintained at unity. According to the concept used in propellant chemistry, the valency of C is +4, H is +1, O is +2, divalent metal ions is +2, trivalent metal ions is +3 and so on. Based on these considerations, oxidizing valency of Y(NO 3 ) 3 is −15 and reducing valency of EDTA-Na 2 is +40. The valency of nitrogen was not considered.
The starting materials used for the 'solution combustion synthesis' of Y 2 O 3 systems were yttrium oxide (99.99%, S.d.fine-chem), nitric acid and EDTA-Na 2 . During synthesis, yttrium oxide was converted into yttrium nitrate by dissolving yttrium oxide in 1:1 nitric acid and excess nitric acid was removed by evaporation on a sand bath. The EDTA-Na 2 was dissolved in double distilled water and the solution was poured into a crystalline dish containing yttrium nitrate. The stoichiometric solution was stirred well to ensure a homogeneous solution. The solution was placed in a muffle furnace and maintained at~350°C. The reaction mixture underwent thermal dehydration and ignited at one spot with liberation of gaseous products such as oxides of nitrogen and carbon. The liberation of gaseous products during combustion reaction increases the surface area of the powder product, creating micro and nanoporous regions. The combustion propagated throughout the reaction mixture without further need of any external heating, as the heat of reaction is sufficient for the decomposition of the redox mixture. The process was completed in about five minutes and resulted in voluminous Y 2 O 3 nano powder.
The synthesized material was characterized by the powder X-ray diffraction technique (Phillips X-ray Cu-K α ). The morphology of the synthesized sample was studied by scanning electron microscopy (JEOL JSM-840A). The Fourier-transformed infrared absorption spectra were recorded using Nicollet Magna 550 spectrometer with KBr pellets in the range of 400-4000 cm . The TL glow curves were deconvoluted using Origin software and TL parameters were calculated. The crystallites sizes were calculated using Scherer's formula and were found to be in the range of 18-23 nm. Further, the interplanar spacing (d≈ 3.055 Å), the cell constant (a≈ 10.583 Å) and the particle density (ρ ≈ 5.059 g cm ) were also estimated [19, 20] . Fig. 2 shows the SEM profile of pureY 2 O 3 depicting the spatial structure of the loosely agglomerated particles which are fluffy and crispy with pores and voids. The morphology of the synthesized sample depends on the nature and concentration of organic fuel. During combustion, yttrium nitrate impregnates into the polymeric product and gets ignited. Heat dissipates by the evolution of gaseous products in minimization and thus it leads to localization of the heat due to the polymeric nature of the fuel [21] . The absorption spectrum reveals a peak at around 254 nm and a broad absorption with peak at around 480 nm. Tomiki et al. also reported two absorption bands in single crystals of Y 2 O 3 in the wavelength region 3.5 to 6.0 eV. The most commonly used method to estimate the energy gap (E g ) is the Tauc relation i.e., (αE) = K (E−E g ) 1/n , where 'E' is the photon energy, 'α' is the optical absorption coefficient, 'K' is constant and 'n' is dependent on the optical transition with an assigned value of 2 and 1/2 for direct allowed and indirect allowed transitions respectively. Fig. 4(b) was obtained by plotting (αE) 2 versus 'E'
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in the high absorption range. For direct allowed transition, energy gap E g was found to be 5.72 eV by extrapolating the linear region of the plot to (α E) 2 =0, if α ≠ 0. This indicates that the allowed direct transition is responsible for the inter band transition in Y 2 O 3 [24] . Fig. 5(a) shows the TL glow curves of Y 2 O 3 γ-irradiated for a dose of 2.232 kGy. Earlier, it was calcinated at 400, 500, 600 and 700°C for 2 h and its effect on thermoluminescence behavior was studied. It was found that the TL glow peak intensity for a particular TL glow peak slightly increases, while its glow peak temperature was not perturbed much. This glow curve was deconvoluted using Origin software and the results are shown in Fig. 5(b) . The two prominent TL glows with peaks at 475 and 626 K are well resolved as can be seen from the figure. Fig. 6(a) shows the deconvoluted, low temperature TL glow curves of Y 2 O 3, γ-irradiated for doses in the range of 0.279-2.232 kGy, in the temperature range of 350-650 K. These well resolved glows with peak at 475 K are recorded at a heating rate of 5°C s − 1 . The TL intensity at the glow peaks are plotted as a function of dose and it is shown in Fig. 6(b) . It is observed that a linear relation exist between TL glow peak intensity and γ-dose. This behavior of the sample is useful for dosimetric application. Further, the results indicate that the creations of trapping centers increase with an increase of γ-ray. Each of the above TL glow curves are analyzed based on glow curve shape method modified by Chen [25] . A typical result for a glow curve γ-rayed for 2.232 kGy is shown in Fig. 7 . The order of kinetics of glow curves are calculated by measuring the symmetry (geometrical) factor μ g~0 .505 (μ g = δ/ω). The values of τ, δ and ω as indicated in Fig. 7 are calculated. Here, 'τ' is the low-temperature half width of the glow curve i.e. τ = T m −T 1 , 'δ' is the high-temperature half width of the glow curve i.e. δ = T 2 −T m and 'ω' is the full width of the glow peak at its half height i.e. ω = T 2 −T 1 .
From the values of the geometrical factor it is clear that the two glow peaks obey the general order kinetics. The trap depth also known as the activation energy of the luminescence centers is calculated using Chen's equation [26] . where 'k B ' is Boltzmann constant, and 'T m ' is peak temperature. The constants 'C α ' and 'b α ' were also calculated by the Chen's equation. The mean activation energy was found to be~0.679 and~0.977 eV for 475 and 626 K glow peaks respectively.
Conclusions
Y 2 O 3 nanoparticles have been synthesized by the EDTA-Na 2 assist combustion technique at low temperature and in a very short time. PXRD pattern of this sample confirms the cubic phase. The crystallites size and the particle density were found to be 18-23 nm and 5.059 g cm − 3 respectively. The SEM picture of Y 2 O 3 indicated the spatial structure of the loosely agglomerated particles which were fluffy and crispy with pores and voids. The energy gap of Y 2 O 3 synthesized in the present work was found to be~5.72 eV. TL glow curves were analyzed and the trap depths for the two luminescence centers corresponding to 475 K and 626 K glow peaks were calculated. Further, the γ-irradiated Y 2 O 3 shows good TL response, up to the dose of 2.232 kGy. It implies that the phosphor synthesized in the present work finds potential use in radiation dosimetry.
